ABSTRACT Background: Aging is associated with significant changes in body composition. Body mass index (BMI; in kg/m 2 ) is not an accurate indicator of overweight and obesity in the elderly. Objective: We examined the relation between other anthropometric indexes of body composition (both muscle mass and body fat) and all-cause mortality in men aged 60 -79 y. Design: The study was a prospective study of 4107 men aged 60 -79 y with no diagnosis of heart failure and who were followed for a mean period of 6 y, during which time there were 713 deaths. Results: Underweight men (BMI 18.5) had exceptionally high mortality rates. After the exclusion of these men, increased adiposity [BMI, waist circumference (WC), and waist-to-hip ratio] showed little relation with mortality after adjustment for lifestyle characteristics. Muscle mass [indicated by midarm muscle circumference (MAMC)] was significantly and inversely associated with mortality. After adjustment for MAMC, obesity markers, particularly high WC (102 cm) and waist-to-hip ratio (top quartile), were associated with increased mortality. A composite measure of MAMC and WC most effectively predicted mortality. Men with low WC (ͨ102 cm) and above-median muscle mass showed the lowest mortality risk. Men with WC 102 cm and above-median muscle mass showed significantly increased mortality [age-adjusted relative risk: 1.36; 95% CI: 1.07, 1.74), and this increased to 1.55 (95% CI: 1.01, 2.39) in those with WC 102 and low MAMC. Conclusion: The findings suggest that the combined use of both WC and MAMC provides simple measures of body composition to assess mortality risk in older men.
INTRODUCTION

Body mass index (BMI; kg/m
2 ) is widely used to measure overweight and obesity, and the World Health Organization and National Institutes of Health (NIH) use similar BMIs to define overweight (ͧ25) and obesity (ͧ30) irrespective of age (1, 2) . The importance of overweight and obesity as predictors of mortality in elderly persons (65 y) is controversial (3) (4) (5) . In Western societies, BMI tends to increase with age up to Ȃ65 y and then decrease (6) . Whereas a few studies have shown U-shaped or positive associations between BMI and mortality in the elderly (7) (8) (9) , most of the studies in the elderly have shown no significant increase in mortality in those who are overweight or obese (3-5, 10 -19) . Some studies have even reported an inverse association between BMI and mortality, in which mortality risk is lower for subjects with an elevated BMI than for leaner subjects (3) (4) (5) (13) (14) (15) (16) (17) (18) (19) . Aging is associated with significant changes in body composition, with a substantial reduction in fat-free mass (FFM) and muscle mass and an increase in visceral fat, even if body weight remains unchanged (20 -22) . Thus, BMI depends not only on adiposity but on the loss of muscle mass, which has opposing effects on mortality (23) (24) (25) so that BMI may not be a good indicator of obesity in the elderly. It is suggested that measures of adiposity such as waist circumference (WC) or the waist-to-hip ratio (WHR), which better reflect visceral fat (26 -27) , may be better indicators of mortality in the elderly than is BMI (12, 13) . Several studies have shown high WC, high WHR, or an increased percentage body fat to be associated with increased mortality in older subjects (12, 13, 17, 28) . We have therefore assessed whether other indexes of body composition, which include markers of adiposity [WC, WHR, and fat mass (FM)] and markers of muscle mass [FFM and midarm muscle circumference (MAMC)], better explain mortality risk in the elderly than does BMI. We also assessed the combined use of markers of adiposity and muscle mass as predictors of mortality.
SUBJECTS AND METHODS
The British Regional Heart Study is a prospective study of cardiovascular disease and other outcomes in a socioeconomically and geographically representative sample of 7735 men aged 40 -59 y (78% response rate) drawn from one general practice in each of 24 towns representing all major British regions and who were initially examined between 1978 and 1980 (29) . In 1998 -2000 all surviving men, now aged 60 -79 y, were invited for a 20th year reexamination. All men completed a mailed questionnaire that included questions on their lifestyle and medical history; in addition, they had a physical examination and provided a fasting blood sample. The men were requested to fast for a minimum of 6 h and to attend a measurement session at a specified time between 0800 and 1800. A total of 4252 men (77%) attended the examination. Almost all of these men (97.4%) were white. Because of the exceptionally high mortality rates in men with diagnosed heart failure and because of the well-established inverse relation between BMI and mortality in these men (30) , all men with diagnosed heart failure were excluded (n ҃ 145), which left 4107 men for analyses.
Ethical approval was provided by all relevant local research ethics committees. All of the men provided written informed consent to the investigations, which were carried out in accordance with the Declaration of Helsinki.
Anthropometric measurements
Weight and height were measured at the initial examination (1978 -1980) . Measurements at reexamination (1998 -2000) included height, weight, waist and hip circumferences, FFM, triceps skinfold thickness, and midupper arm circumference (MUAC). Subjects were measured standing and wearing light clothing without shoes. Height was measured with the use of a stadiometer (Holtain, Crosswell, United Kingdom) to the last complete 0.1 cm, and weight was measured with the use of a digital electronic scale (Soehnle-Waagen, Murrhardt, Germany) to the last complete 0.1 kg. BMI was calculated for each man. Waist and hip circumferences were measured in duplicate with the use of an insertion tape (CMS Ltd, London, United Kingdom); hip circumference was measured at the point of maximum circumference over the buttocks. The waist measurement was taken from the midpoint between the iliac crest and the lower ribs measured at the sides. The midupper arm was defined, and MUAC was measured once with the use of the arm pendant. Triceps skinfold thickness was measured at the midupper arm in duplicate, and the average of the 2 readings was taken. WHR was calculated as WC divided by hip circumference (cm). FM and FFM were calculated by using bioelectrical impedance analysis with the use of a Bodystat 500 apparatus (Bodystat Ltd, Douglas, United Kingdom). FM was calculated by using the equation by Deurenberg et al (31) , which is designed for persons aged 60 y. FFM was calculated as 6710 ҂ height (in m) 2 25-29.9 ) and obesity (BMI ͧ 30) were used (1) (2) . Within the overweight category, the men were divided into 2 groups to assess whether any differences existed between men in the lower and the upper ranges of the overweight category. The men were classified into 5 groups on the basis of their current BMI: 18.5,18.5-24.9 (normal weight), 25-27.4 and 27.5-29.9 (overweight), and 30 (obese). For WC, the men were divided into 4 groups on the basis of the levels associated with increased cardiovascular disease proposed by Lean et al (35) : 94, 94 -102, 103-106, and 106 cm). High WC was defined as 102 cm, which is the threshold cutoff for WC used by the NIH (2). For WHR, FM, FFM, and MAMC, the men were divided by quartiles of the distribution.
Cardiovascular disease risk factors
The measurement and classification methods for smoking status, physical activity, social class, and blood pressure in this cohort were described previously (29, 36, 37) . From the combined information at the initial screening (Q1; 1978 -1980), follow-up questionnaires in 1996 (Q96), and at rescreening (Q20), the men were classified into 5 smoking groups: 1) those who had never smoked, 2) exsmokers since screening, 3) smokers at baseline who gave up between screening and Q96, 4) smokers at screening and Q96 who gave up after 1996, and 5) current cigarette smokers at Q20. On the basis of the frequency and type of activity, a physical activity score was derived for each man, and the men were grouped into 6 broad categories: inactive, occasional, light, moderate, moderately vigorous, and vigorous. Men who reported being inactive or occasionally active were referred to as "inactive." Forced expiratory volume in 1 s (FEV 1 ) was used to measure lung function and was height-standardized to the average height, 1.73 m, in the study. Thus, heightstandardized FEV 1 ҃ FEV 1 ҂ (1.73/height) 2 . The glomerular filtration rate (eGFR) estimated from serum creatinine by using the Modification of Diet in Renal Disease equation developed by Levy et al (38, 39) was used as a measure of renal function. C-reactive protein (CRP) was assayed by using ultrasensitive nephelometry (Dade Behring, Milton Keynes, United Kingdom).
Follow-up
All men were followed from initial examination (1978 -1980) to December 2005 for all-cause mortality (40) , and follow-up has been achieved for 99% of the cohort. Information on death was collected through the established "tagging" procedures provided by the National Health Service registers (40) . In the present analyses, all-cause mortality was based on follow-up from the rescreening in 1998 -2000 at the mean age of 60 -79 y, which is a mean follow-up period of 6 y (range: 5-7 y).
Statistical methods
Statistical analyses were performed by using SAS software (version 9.2; SAS Institute Inc, Cary NC). Cox's proportional hazards model was used to assess the adjusted relative risk (RR) for the adiposity variables. In the adjustment, smoking, social class, alcohol intake, physical activity, weight loss, height loss, and the presence of diseases were fitted as categorical variables. Age, FEV 1, albumin, and CRP were fitted as continuous variables.
RESULTS
During the mean follow-up period of 6 y, there were 713 deaths from all causes in 4107 men without diagnosed heart failure.
Body mass index and mortality
The relation between BMI at rescreening and mortality over the 6-y mean follow-up period is shown in Table 1 . Underweight men had by far the highest mortality. The lowest mortality was seen in the overweight men (BMI 25-29.9) after adjustment for age and lifestyle characteristics (model 2). Obese men showed risk similar to that of normal-weight men. Adjustment for indicators of ill health predictive of mortality and associated with leanness and smoking (low albumin, lung function, stroke, and cancer) made minor differences to the risk seen in obese men but attenuated the lower risk seen in overweight men, and the difference was no longer significant (model 3). The exclusion of current smokers and recent exsmokers made minimal difference (model 4).
Body composition and mortality
We examined the relation between other indicators of general and central adiposity and muscle mass and mortality (Table 2) , excluding the 24 underweight men. In the age-adjusted analyses, significant positive associations were seen between WC, WHR, and mortality, which were attenuated after adjustment for lifestyle characteristics (model 2). No associations were seen with FM index and FFM index. MAMC showed a significant inverse association with mortality even after these adjustments.
MAMC was positively associated with BMI, WC, FM index, and, to a lesser extent, WHR and FFM index ( Table 3) . Fortyseven percent of normal-weight men had low MAMC (lowest quartile), whereas 13.3% of overweight men and 5% of obese men had low MAMC. The association between WC, WHR, and mortality became significantly positive after adjustment for MAMC (Table 2) , as did the association between BMI and mortality. The adjusted RRs (and 95% CIs) for the 4 BMI groups (excluding underweight men) were 1.00, 0.99 (0.72, 1.08), 0.96 (0.76, 1.22), and 1.26 (0.97, 1.63) (P for trend ҃ 0.03).
Midarm muscle circumference and mortality
The correlations between MAMC, height loss, weight loss, and other biological risk factors associated with all-cause mortality are shown in Table 3 . The percentage of men who lost substantial height (ͧ3 cm) increased progressively and significantly with decreasing MAMC, from 9.6% in the top quartile to 20.8% in the lowest quartile. Over 30.8% of men in the lowest MAMC quartile had weight loss over the past 20 y, whereas only 6.6% in the top quartile had weight loss. MAMC correlated positively with FEV 1 and albumin and was inversely associated with height loss, all of which are factors shown to predict mortality. However, an inverse association was seen with renal function. High rather than low MAMC was associated with lower eGFR; low eGFR is associated with increased cardiovascular disease mortality (39) . No significant association was seen with CRP. The association between MAMC and mortality persisted even after adjustment for indicators of ill health, which include FEV 1 , albumin, weight loss, height loss, self-reported poor health, preexisting cancer, diabetes, and cardiovascular disease. The adjusted RRs (and 95% CIs) for the 4 quartiles were 1.00, 0.83 (0.67, 1.02), 0.73 (0.58, 0.92), and 0.73 (0.58, 0.92), respectively (P for trend ҃ 0.002). Further adjustment for CRP made little difference to the findings. The inverse association was similar in both physically inactive and active men (P for trend ҃ 0.008 and 0.01, respectively).
Adiposity, midarm muscle circumference, and mortality
The relation between adiposity measures (BMI and WC) and mortality stratified by the 4 MAMC groups is shown in Figure 1 . Men with low MAMC (lowest quartile) showed the highest risk irrespective of BMI. BMI was positively associated with mortality in men with higher MAMC (top 2 quartiles); an inverse association was seen in those with below-median MAMC (P 0.0001 test for interaction). Within all MAMC groups, WC was positively associated with mortality, although the associations were stronger in those with higher MAMC (P ҃ 0.005 test for interaction; Figure 1 ). The adjusted RRs for BMI and WC stratified by MAMC with the highest 2 MAMC quartiles combined is shown in Table 4 . After adjustment, WC was positively associated with mortality in those with medium or high MAMC; no association was seen in the low-MAMC group. BMI was significantly positively associated with mortality in men with higher MAMC (above median).
Waist circumference or body mass index?
The positive association between WC and mortality seen after adjustment for MAMC persisted after additional adjustment for BMI [adjusted RRs (and 95% CIs): 1.00, 1.14 (0.92, 1.40), and 1.53 (1.15, 2.05) for 94, 94 -102, and 102 cm, respectively). No association was seen between BMI and mortality after adjustment for MAMC and WC [RRs (95% CIs): 1.00, 0.77 (0.62, 0.96), and 0.85 (0.59, 1.23) for normal, overweight, and obese men, respectively].
Combined use of muscle arm circumference and high waist circumference
The combined effect of high WC and MAMC on mortality risk with adjustment for age, social class, and other lifestyle characteristics is shown in Table 5 ; men with higher MAMC and WC 102 cm were used as the reference group. Those with high MAMC and WC 102 cm had the lowest mortality rates, and those with below-median MAMC and WC had the highest rates. After adjustment for age and other characteristics, men with high MAMC and high WC showed a 36% increase in mortality risk (adjusted RR: 1.36; 95% CI: 1.07, 1.74), and the risk of mortality increased to nearly 60% in those with low MAMC and increased WC (adjusted RR: 1.55; 95% CI: 1.01, 2.39), although the highest risk was seen in those with medium MAMC (second quartile) and high WC after these adjustments.
DISCUSSION
In this study of men aged 60 -79 y, underweight men (BMI 18.5) had exceptionally high mortality risk, but neither overweight (BMI 25-29.9) nor obesity (BMI ͧ 30) as defined by the NIH guidelines was associated with increased mortality as was normal-weight BMI (18.5-24.9). These findings are consistent with other population studies carried out in older persons (3-5, 10 -19) . More important, our results suggest that both increased adiposity as measured by high WC and low muscle mass as measured by MAMC independently predispose to mortality in older men and that the use of both these measures is necessary in assessing body composition and mortality in the elderly.
Body mass index and muscle mass
BMI correlated positively and strongly with MAMC, with almost one-half of normal-weight men having MAMC in the lowest quartile, which reflected low muscle mass. The relation between BMI and mortality appeared to be dependent on muscle mass, with obesity being positively associated with increased mortality in those with above-median MAMC. In particular, normal-weight men with higher MAMC did not show increased mortality. Thus, the increased risk of mortality associated with normal body weight (BMI 18.5-24.9) in the elderly may be due to the loss of muscle mass rather than to low body weight per se.
Abdominal fat distribution
Whereas some studies have shown WC or WHR to be better (positive) predictors of mortality than is BMI (12, 13, 15, 17) , others have reported no association (10, 41) . Most previous studies have not taken muscle mass into account in the examination of the measures of central adiposity and mortality. In the present study, weak (positive) associations were seen between WC and WHR with mortality, but these became significantly positive after adjustment for MAMC, with stronger positive associations seen between WC and mortality than between WHR and mortality. The positive association between WC and mortality was not apparent in those with low MAMC. The reason for this finding is not clear, but it is possible that those with low MAMC (possibly reflecting low muscle strength, ill health, or loss in muscle mass) are at such increased risk of mortality that adiposity has little influence on mortality in these men. The association between WC and mortality persisted even after adjustment for BMI; in contrast, no association was seen between BMI and mortality after adjustment for WC, which suggests that WC is a better indicator of mortality than is BMI in older men, which is in keeping with other reports (12, 13, 15, 17) .
Muscle mass and mortality
The finding of a strong inverse association between MAMC and mortality is consistent with other prospective studies linking mortality to MAMC (33) , FFM (23) , or the sum of midarm and midthigh circumference (24) . In the present study, low MAMC was strongly associated with weight loss, which possibly reflects loss in muscle mass, and appeared to be a stronger predictor of mortality than was increased adiposity. Men in the lowest quartile of the MAMC distribution showed increased mortality irrespective of adiposity level, which emphasizes the importance of the preservation of muscle mass in the elderly. The increased mortality associated with low MAMC was not explained by indicators of ill health or inflammation (CRP). An inverse association was seen with renal function (eGFR); thus, adjustment for renal function, if anything, would strengthen the increased risk. The loss of muscle mass results in reduction in muscle strength with increasing age, which leads to impaired mobility (42, 43) . Muscle strength is closely related to muscle mass and has been found to be a strong predictor of mortality (44 -46) . We cannot say whether a reduction in muscle mass is a reflection of ill health or whether the associated loss of muscle strength and impaired mobility has untoward consequences.
Fat mass and fat-free mass
Although several studies have shown FM and FFM as measured by the bioelectric impedance method to have opposing effects on mortality (23, 25) , most of these studies were carried out in a younger population (aged 65 y). The weak association seen between the bioelectric impedance measure of FM and FFM with mortality in the present study may have been due to imprecision. It has been suggested that, although bioelectric impedance allows a better measurement of body composition than does weight, it is limited by assumptions of water distribution and is dependent on population-specific equations for analysis (31) . The impedance measurements may overestimate FFM in elderly individuals and thereby underestimate body fat (47) . We also calculated FFM and FM by using the equation developed by Sun et al (48) , which was validated in a US cohort of men and women aged 12-94 y. This equation yielded similar findings.
Composite use of waist circumference and midarm muscle circumference
It is well recognized that BMI is an inaccurate measure of body fatness in the elderly because of the decrease in skeletal muscle mass and the increase in abdominal fat with aging (21) (22) . Our findings suggest that the combined use of WC and MAMC provided the best indexes of body composition to assess mortality risk in the elderly. Such assessment, although it would include observer-dependent measurements of WC, MUAC, and triceps skinfold, would be feasible with appropriate training. Measurement of WC is already being increasingly recommended in clinical practice (49) . Increased adiposity (WC 102 cm) or low muscle mass as defined by the lowest quartile of MAMC were both associated with significantly increased mortality in the elderly; mortality was lowest in those with above-median MAMC and low WC and was highest in those with below-median MAMC and increased WC. Thus, central fat and relative loss of muscle mass may become relatively more important than BMI in determining health risk associated with obesity in older age.
Limitations of the study
Our study was carried out in a population-based study of men. Although it is possible that these findings would apply in women, such generalization must be cautious. The presence of doctordiagnosed diseases was based on self-reporting, and we did not have information on all comorbidity that may have related to low muscle mass. However, we showed the increased risk of mortality associated with MAMC to be seen still after adjustment for several objective markers of ill health, such as weight loss, lung function, albumin, and inflammation. Although we had no direct measures of visceral fat, WC has been shown to correlate strongly with more precise measures of visceral fat as assessed by computed tomography scan in the elderly (50). We did not have direct measures of muscle strength and skeletal muscle mass; FFM, as assessed by bioelectrical impedance methods, is not the most precise method for measuring skeletal muscle mass. In conclusion, increased central adiposity and decreased muscle mass are associated with increased mortality. Bodycomposition assessment is more informative than are simple body weight measurements in predicting mortality in the elderly. Although BMI should be used in the first instance to identify underweight men, our findings suggest that the combined use of WC as a marker of central adiposity and of MAMC as a marker of muscle mass provides simple measures of body composition in assessing mortality risk in elderly men.
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